The diagnosis-related groups (DRG's) 
Introduction
The diagnosis-related groups (DRG's) were developed as a method of classifying hospitalized patients into categories having a similar process of care and a predictable range of services (Fetter et al., 1980 ). DRG's have subsequently been used for prospective payment for hospitalized Medicare patients. Although input from physicians was used to ensure that DRG categories were clinically meaningful, the length of a patient's hospital stay was the primary grouping criterion because length of stay is highly correlated with case complexity and total charges and because data on this measure are available and reliable (Fetter et al., 1980) . One purpose of the DRG system is to help hospitals and reimbursement agencies manage the discretionary component in hospital expenditures. If physicians or hospitals routinely utilize more resources than the recognized standard, they are penalized through the reimbursement system. However, the length of stay in a hospital is only one of the two primary factors determining the per capita numbers of patient days per 1,000 population, the other being the frequency of admission. As it turns out, for most diagnostic categories, the admission rate is much more important than the length of stay as a predictor of the per capita patient days of care among populations living in hospital market areas (Wennberg, McPherson, and Caper, 1984; Knickman and Foltz, 1985; Roos et al., 1986) .
Small-area variation studies provide a growing body of evidence on the importance of discretionary physician decisions concerning the necessity of hospitalization. By discretionary decisions we mean decisions made with uncertainty. When the clinical outcomes of one treatment alternative over another are not well established by outcome studies and physicians disagree among themselves on the appropriate course of care, the decision to hospitalize is considered discretionary.
The argument for the importance of professional discretion in explaining variation is based on characteristics of the pattern of variations and on evidence that rates of illness and other demand-side factors such as income and insurance coverage are not correlated with variations in hospital use among small areas (Wennberg, Barnes, and Zubkoff, 1982; Wennberg, 1987; Roos and Roos, 1982) .
Moreover, the degree of variation in per capita admission rates across geographic areas for a given condition seems to be inversely related to the degree of professional consensus about the appropriateness of treatment requiring acute hospitalization for that condition. Little variation in hospital admission rates has been found for myocardial infarction and inguinal hernia repair, conditions for which current standards for care generally mandate treatment in a hospital. However, per capita rates of hospital admissions for certain surgical procedures, such as hysterectomy, prostatectomy, and tonsillectomy, have been shown to vary widely among hospital service areas (Wennberg and Gittelsohn, 1982; McPherson et al., 1982; McCracken, Latessa, and Wennberg, 1982) . The medical literature is replete with controversy concerning the value of these procedures (Wennberg and Gittelsohn, 1982; Deane and Ulene, 1977; Bunker, McPherson, and Henneman, 1977; Harper, 1962; Bolande, 1969) , and changes in surgical rates have been noted once physicians became aware of the variations (Dyck et al., 1977; Wennberg et al., 1977) . The importance of physician practice styles and professional discretion in influencing the number of operations performed and, hence, the number of hospitalizations that take place is clearly shown in these studies.
In contrast to efforts to rationalize hospital length of stay, little attention has been paid to variations in admission rates. In this article, we show the feasibility of using a measure of variation in hospitalization rates to classify DRG categories according to the likelihood that patients in a category have illnesses and conditions for which professional discretion plays an important role in the decision to hospitalize or operate. This index of discretion should allow priorities to be set in the agenda to reduce professional uncertainty through research on outcomes. Moreover, it can serve as a practical guide for physicians, hospital administrators, peer review bodies, and third-party payers to identify hospitals and physicians according to their practice styles with regard to discretionary DRG's.
Based on consistencies in the pattern of variation among DRG's in four States-California, Massachusetts, Maine, and Iowa-we propose to classify DRG's according to the Index of Discretionary Admissions. In the article, we deal with methodologic issues related to determining the consistency of variation measures across States and discuss the use of this information in reducing the discretionary component of hospital admissions.
Methods
Uniform hospital discharge data sets were used in each of the four States to define hospital market areas according to standard methods (Wennberg and Gittelsohn, 1982) . All hospitalizations for all age groups in 1983 (California), 1982 (Massachusetts), 1980 (Iowa), and 1980 were available. The data on utilization were drawn from the period before the implementation of DRG-based reimbursement, so coding practices and admission policies were not influenced by concerns about DRG-based reimbursement. DRG-specific utilization rates were calculated for each of 30 hospital market areas in Maine, 23 hospital market areas in Iowa, 30 planning areas in California, and 60 areas in Massachusetts. The 22 DRG's pertaining to obstetrical and neonatal conditions were excluded. Utilization rates were adjusted for age and sex by the indirect method.
A modified DRG case-mix classification system was used to simplify the results and reduce variation resulting from minor differences in coding practices. A full listing of the component DRG's contained in each modified group can be found in Figure 1 . A total of 111 medical and surgical modified DRG's resulted from the following grouping strategy, developed while working with the Maine data.
• Individual DRG's with unique primary diagnoses were left ungrouped if the case count exceeded 1,500. • DRG's with the same primary diagnosis were grouped, thus removing the variables of age and presence or absence of a serious complication, both allowable variables under the DRG classification system. However, pediatric DRG's with more than 1,500 cases were left ungrouped.
• For surgical DRG's, related operations were grouped when each represented fewer than 1,500 cases.
• DRG groups that contained fewer than 1,500 cases after the foregoing steps were grouped within their major disease category.
These steps resulted in 77 closely related modified DRG's and 34 residual modified DRG's. These latter were excluded from all analyses unless otherwise noted. All utilization rates were corrected for marketboundary crossing; they are based on population and are specific for the residents of each market whether services were obtained at local or out-of-area hospitals.
For measuring and comparing variation in rates, we used the systematic component of variation (SCV), a measure developed by McPherson et al. (1981) . It is important that the index used to measure variation not be greatly affected by either the size of the hospital market area or the prevailing rate under study. The SCV is based on the assumption that observed rates of hospitalization for any category of DRG will vary across small areas because of two factors, random variation and systematic variation. The random component of variation measures differences caused by regional sizes and by the magnitude of actual rates. For instance, small-sized groups may produce excess random variation in rates. The systematic component of the total variability across observed small-area rates is our primary interest. Such systematic variation in rates may be attributed to the underlying characteristics of different regions, including differences in population health characteristics, or to such factors as differences in physician practice style or differences in the availability of health care services across regions. (Differing age and sex composition across regions is accounted for through age and sex standardization.)
The systematic component of variation is estimated using a proportional hazards model by subtracting the random component of variation from the estimate of total variance. This measure is useful for comparing relative variation among DRG's because, unlike the coefficient of variation or chi-square statistic, it is not correlated with the prevailing rate. Thus, the SCV can be used to estimate the relative variation in admission rates for each DRG, even though mean rates differ substantially. Characteristics of small-area rates that produce low and high SCV's are shown in the technical note. Details on the necessary distributional assumptions and calculation of the SCV are described in detail in the original work by McPherson et al. (1981) .
First, to determine consistency of variation scores across the four States, within each State, the 77 modified DRG categories were ordered by SCV scores and divided into decile ranks. (The five psychiatric DRG categories were not available for California.) Two standards of consistency in variation scores were applied across either three States or four States, yielding a total of four definitions. According to the stricter standard, the DRG category was judged to have a consistent pattern of variation in admission rates if every State's variation scores, when ranked in deciles, were within two deciles of the scores of the other States. According to the second standard, variation scores were determined to be consistent if every State's decile-ranked score was within three IV. Decile-ranked variation scores were within two deciles for all four States. Second, the modified DRG's were classified with regard to their relative variation; a mean variation score for each DRG category was calculated using the SCV scores for the three States with the closest decile ranks. The five-point Index of Discretionary Admissions was developed based on this mean score (Figure 1 ). DRG's with values that had ranks ranging from the rank for inguinal hernia up to (but not including) the rank for appendectomy were labeled "low variation"; those from appendectomy up to hysterectomy, "moderate variation"; those from hysterectomy up to back surgery, "high variation"; those from back surgery up to tonsillectomy, "very high I"; and those as high or higher than tonsillectomy, "very high II" (Wennberg, McPherson, and Caper, 1984) . The patterns of admission rates that produce these differing variation scores are illustrated in Figure 2 . For the low variation procedure inguinal hernia repair, all 21 areas in Maine had admission rates that clustered in a narrow range. For the very high variation procedures tonsillectomy and atherosclerosis, the range of variation in admission rates across hospital areas was tenfold.
Results
For a preliminary look at consistency patterns, the five modified DRG categories with the highest variation scores and the five categories with the lowest variation scores were determined for each State. The variation in admission rates across the four States was strikingly consistent. Admissions for laparoscopic tubal interruptions and tubal interruptions for nonmalignancies had variation scores among the five highest in each of the four States.
1 Admissions for chemotherapy ranked among the highest five categories in three States. (They had the 12th highest variation score in California.) At the other end of the scale, admissions for inguinal and femoral hernia repairs, as well as admissions for acute myocardial infarction, had among the lowest variation scores in each of the four States.
In Figure 1 , we list the 66 DRG categories (out of 77 reviewed) that had a consistent pattern of variation in admission rates across hospital areas using Criterion II. If a DRG category's SCV score ranked in the first through third deciles (or in the sixth through eighth, seventh through ninth, etc.) in at least three out of four States, the DRG category was judged to have a consistent pattern of variation in admission rates. DRG categories are listed in ascending order of variation. Categories with variation scores within two deciles across four States (Criterion IV) have been marked with a dagger. A majority of the DRG categories with the highest scores were consistent across all four States.
Because categories based on the three-State criterion might include situations in which one State was widely divergent from the other three States, each category was also examined for signs of marked inconsistency 1 We were concerned that the high variation for the two tubal ligation DRG categories might result from different coding practices, that areas with high rates in one category of tubal ligations would be low in the other. However, this does not appear to be the case. We assessed the relationship of rates for one type of tubal ligation to rates for the other across Maine's 20 hospital areas. The Pearson correlation coefficient was -.26 and the Spearman coefficient -.08. Neither reached a level of statistical significance of .10 or lower.
in variation scores. The scores were judged markedly inconsistent if, in any category, one State or more had an SCV score in the top three deciles (1-3) and simultaneously one State or more had a variation score in the bottom three deciles (8-10). The results are shown in Table 1 . Only 4 of the 77 categories had markedly inconsistent variation scores across the four States, and only 1 category (major cardiovascular operations) was included among the 66 judged consistent in Figure 1 . The three-State criterion, therefore, provides little overestimation of the degree of consistency in the scores.
A statistical assessment of the consistency in variation scores across the 77 DRG categories, using categories), confirming the robustness of the SCV measure.
Overall, the correlations, whether by actual score or ranked score, demonstrate a high level of consistency in variation scores across the four States. When the coefficients were calculated separately for the surgical categories and medical categories, the coefficients generally increased. The scores of Iowa and California appear to be least similar (showing the lowest correlation coefficients), although even these correlations were highly significant statistically.
In Table 3 , we present data on the percentage of DRG groups and percentage of hospitalized cases assigned to DRG groups that were judged to have consistent variation scores using the four definitions of consistency. Using the least stringent criterion (Ithree States having SCV scores within three deciles), 93.5 percent of the DRG categories were judged to have consistent variation scores. Using the most stringent criterion (IV-four States having SCV scores within two deciles), 40.0 percent of the DRG categories were judged consistent with regard to variation. The proportion of hospitalizations in each of the four States that were for DRG categories judged to have consistent variation scores also varied markedly depending on the standards applied (Table  3) . Requiring four States (rather than three) to have similar variation patterns appears to be more restrictive than narrowing the range of scores defined as similar.
In Table 4 , all hospitalizations in each of the four States are classified according to the Index of Discretionary Admissions. Criterion II is used to define consistency in the columns on the left, and Criterion IV is used in the columns on the right. Hospitalizations for DRG categories that had inconsistent variation scores and those that fell among the 34 residual categories are listed separately. 100.0 6.6 .9 6.7 2.7 9.5 39.9 33.6 1 Decile-ranked variation scores within 2 deciles for at least 3 of the States. In the four States, the percentage of admissions judged to be most discretionary (those with the highest variation scores) depends on the consistency criteria applied. As seen in the columns on the left side of Table 4 , Iowa had the greatest portion of admissions in the very high II category (22.2 percent), with only 14.2 percent of admissions to California hospitals in this category. However, even in California, 96,278 hospital days (0.142 times 678,012) were consumed in 1983 by patients for whom physicians applied admission standards that were extremely inconsistent in at least three States.
Discussion
The contribution of this article to the burgeoning but separate literatures on small-area variation and DRG's is our examination of the consistency of the pattern of variation in admission rates for categories of patients defined by the DRG system of classification. The observed consistency was used to label the relative discretion of hospital admissions on a five-point scale ranging from low to very high. Low variation, or low discretion, conditions, such as hip fractures, inguinal hernia repair, and major bowel surgery (which is usually done for cancer), are conditions for which the natural variation in rates of occurrence of disease among populations is the principal factor in explaining the variation. For these conditions, patient reluctance to seek medical attention and physician differences in diagnosis and decisionmaking about treatment and/or hospitalization are not important contributors to the variation in hospitalization rates (Wennberg, 1987) .
Closer examination of the kinds of admissions that have the highest discretionary scores clearly shows the probable dynamics of the variation process. Of the 13 categories of surgical admissions producing very high discretionary scores, 10 are procedures routinely performed in many hospitals on an outpatient basis (Carter and Ginsburg, 1985) . Only inpatient admissions were counted in this data base. In all four States, many, if not most, of these procedures probably continue to be done on an inpatient basis in some hospitals and on an outpatient basis in hospitals serving other areas. Such differing admission patterns would produce wide variation in admission rates across small areas and high SCV scores. Laparoscopic tubal interruption, the cause of surgical admission with the highest variation score, is a treatment for which there are varying hospital policies and surgeon preferences on whether it should occur on an inpatient or outpatient basis. The extremely high variation in rates of dental extractions does not reflect the underlying rate of dental disease but the fact that some oral surgeons routinely use the hospital for the extraction of teeth and other dentists use their offices.
For major operations, in contrast, the component reflecting professional discretion results at least partially from uncertainty about the natural history of the disease and the effects of alternative treatments.
Examples include tonsillectomy for hypertrophy of the tonsils, back surgery, and major cardiovascular operations. Although some randomized trials have been performed, the practice options that physicians select to treat these disorders are not tightly defined. Therefore, the practices of individual doctors can vary substantially based on their own subjective experience.
Variations in admission patterns for minor surgery reflect disagreements on both the value and the preferred place for surgery. Admissions for D&C (dilatation and curettage of the uterus) undoubtedly vary because of discretion in whether a procedure is performed on an inpatient or outpatient basis and in the timing of the procedure (that is, whether a D&C is recommended following a single irregular menstrual period or after several). Moreover, the value of the treatment as an intervention in the natural history of the menopause is in dispute. We plan to use claims from the ambulatory as well as the inpatient setting to distinguish these two components of professional discretion.
Physician discretion also likely determines whether patients with specific medical illnesses are hospitalized or handled on an outpatient basis. Here the uncertainty concerns not the appropriateness of specific treatments-whether, for example, an antibiotic should or should not be used for treating pneumonia-but rather whether patients with a given level of severity of illness need to be hospitalized or can be safely treated at home or in the oupatient department. There is virtually no research on these matters, and medical textbooks contain few guidelines for practicing physicians. The strong correlations between number of beds per 1,000 population and the admission rates for high variation medical conditions indicate that such professional uncertainty has been solved by pragmatic adjustment of local decision rules to the point at which available inpatient beds are consumed (Wennberg, 1987; Wennberg, Freeman, and Culp, 1987) . Because such behavior is evident in populations where most inpatient services are provided in teaching hospitals, it is clear that even current academic standards governing admission policies are vulnerable to the influence of available supply (Wennberg, Freeman, and Culp, 1987) .
The consistent variation in admission rates across specific categories of admissions in States as diverse as California, Iowa, Massachusetts, and Maine is, from one perspective, quite remarkable. The medical care systems in the Eastern and Western regions of the United States differ markedly in hospital length of stay, admission rates, and overall days of hospital care (Gornick, 1975; Knickman and Foltz, 1985) . These consistencies in variation patterns are no less unexpected than those previously reported for several procedures performed in Norway, the United Kingdom, and New England (McPherson et al., 1982) . Although it remains to be seen if consistency in international variation patterns for medical conditions will be observed, the consistency of the pattern among these diverse States suggests that the degree of variation of medical admissions, as well as of surgical procedures, is probably a characteristic of the medical service itself rather than the way health care is organized or financed.
Categorizing admissions by discretionary levels has several important policy implications. The categories can be used to set priorities for research on outcomes. Fewer than 40 causes of medical admission, several of them related, account for most of the differences in per capita costs and utilization among small areas. For example, in a recent study, it was shown that hospital beds and costs are much greater for residents of Boston than of New Haven, even though the two populations are quite similar demographically (Wennberg, Freeman, and Culp, 1987) . In 1982, Medicare Part A reimbursements in the Boston area were $1,894; in the New Haven area, they were $1,088. Most of the difference in hospital costs was attributable to differences in hospitalization rates for some of the high variation medical conditions identified in this article. These conditions should have priority in any outcomes research agenda.
Similarly, the high variation surgical conditions warrant assessment. Among these, a small number of procedures are conspicuous (Figure 1 ). Research on outcomes is needed in precisely these areas.
Use of modified DRG categories identified by the Index of Discretionary Admissions can also facilitate utilization review. For example, hospitals interested in rationalizing operations could undertake a review of admissions over the past 3 months. What number of bed days were used by patients admitted with high variation diagnoses? Hospital utilization committees could pull a random sample of charts and assess the degree to which these admissions were necessary. What procedures could have been performed on an outpatient basis? Meetings with medical staff might focus on the general problem of discretionary hospitalizations as well as developing specific guidelines for admission for high variation categories. When such guidelines were developed in Vermont and Pittsburgh for the high variation procedure tonsillectomy, tonsillectomy rates at the two demonstration hospitals fell markedly (Wennberg et al., 1977; Paradise and Bluestone, 1976) . People conducting similar research on hysterectomy rates in Saskatchewan, Canada, found that a reduction in admissions for hysterectomy (a high variation procedure) was associated with a drop in the proportion of cases judged "unjustified" by a professional committee (Dyck et al., 1977) .
More recently, in the Maine Medical Assessment Program, it has been shown that physicians within a region can respond to information on variations in discretionary admissions by developing an ongoing program to monitor variations and to investigate the outcome significance of differences in practice style. The program has resulted in substantial reduction in rates for common operations, including hysterectomy, tonsillectomy, prostatectomy, and back surgery, and for pediatric hospitalizations (Department of Health Care Review, 1986) .
All the methods we have suggested to reduce admissions of patients in high variation categories have focused on the medical profession and those regulating the profession rather than on the patient. There are two reasons for this. First, as we highlight in this article, areas of professional uncertainty exist. Some physicians clearly believe strongly in the effectiveness of hospital treatment for a given condition; others, no doubt equally strongly, believe it inappropriate or unnecessary to hospitalize or surgically treat patients with those conditions. The question of who is right in this standoff should be addressed by the profession. For cases in which consensus is difficult to achieve, the profession needs to collaborate in clinical trials, cohort studies, decision analysis, and other forms of research to resolve these critical questions.
A second reason for focusing on the profession, rather than on the patient, as a means of controlling health care costs has been highlighted in the Rand Health Insurance Experiment. In this high-profile project, it has been demonstrated that the programs designed to reduce unnecessary health care use by targeting the consumer-patient, i.e., copayment schemes, work in pernicious ways. Cost sharing resulted in much greater reduction in use of health care services by the poor, especially poor children, than by more economically advantaged groups (Lohr et al., 1986) . Perhaps more importantly, individuals facing cost sharing reduced their use of all kinds of medical care, not just that considered unnecessary or inappropriate. Clearly, efforts to ensure that medical care is delivered in the most cost-effective way must focus on the medical profession. The identification of causes of hospital admission that are highly discretionary across widely divergent geographic areas is one step toward helping the profession to focus these efforts.
Finally, DRG groups have some limitations in categorizing variations in hospitalization rates. Because the focus in such studies is on discretion in clinical decisionmaking, the clinical issue must be well described. For medical admissions, we found the DRG system quite useful; with the modified groups used here (Figure 1 ), we could conveniently categorize at least 70 percent of hospitalized cases using only 40 closely related groups. For surgical operations, the situation was less satisfactory. With some DRG's, congruent identification of clinically meaningful procedures cannot be made. For example, we could not measure prostatectomy rates because of the way DRG's are constructed. For surgical categories, the Professional Activity Study classification convention sometimes provides better descriptions.
Further work will be focused on whether the consistency of variation in admissions patterns observed to date holds when variation scores are obtained from additional States, on the grouping of residual categories, and on analyzing hospital-specific patterns of admission using the Index of Discretionary Admissions. This last analysis will make it possible to determine if there are marked differences across hospitals with regard to admitting practices for highly discretionary cases.
Technical note
A listing for one State of hospital area discharge rates that result in a low SCV score for the DRG category "specific cerebrovascular disorders" and discharge rates that result in a high SCV score for the DRG category "pediatric gastroenteritis" are shown in Table 5 . 
